Objective: To evaluate the risk of lung cancer and nasal cancer among workers employed at the Clydach nickel refinery, South Wales since 1930 by combining data from the two most recently published papers on this cohort. Methods: Observed and expected numbers of cancer deaths were extracted for workers who had a minimum of five years service and were employed for the first time between 1902 and 1992. Standardised mortality ratios (SMR) were calculated for subgroups according to year of employment, time since first employment, and process work. Results: A persisting excess of respiratory cancer was found for workers employed in the period 1930-92, with a lung cancer SMR of 133 (95% CI 103 to 172) and a SMR for nasal cancer of 870 (95% CI 105 to 3141). The lung cancer excess was most clearly seen 20 years or more after first employment and seemed to be confined to process workers. There was no indication of a further reduction in risk since 1930. Conclusion: The extreme nickel related cancer hazard at the refinery before 1920 was greatly reduced during subsequent years. Some of the carcinogenic exposures seem to have remained after 1930, producing an elevated risk of nasal cancer and a 30% excess of lung cancer in the workforce. There was evidence of a persisting risk among process workers first employed since 1953.
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Conclusion:
The extreme nickel related cancer hazard at the refinery before 1920 was greatly reduced during subsequent years. Some of the carcinogenic exposures seem to have remained after 1930, producing an elevated risk of nasal cancer and a 30% excess of lung cancer in the workforce. There was evidence of a persisting risk among process workers first employed since 1953.
T he excess of respiratory cancer in workers employed at the nickel refinery in Clydach, South Wales during the first two decades of operation (1902-23) was so high that the existence of an occupational hazard was beyond doubt, long before any specific cause had been recognised. 1 2 The mortality of the refiners has been the subject of extensive research in an attempt to identify the specific compounds and processes that caused the risk. [3] [4] [5] [6] [7] [8] [9] The recent contribution by Sorahan and Williams 10 to this classic series of studies adds another 15 years of follow up to the youngest part of the workforce.
Sorahan and Williams 10 studied workers with at least five years' service first employed in 1953 or later, in whom no elevated risk had been seen before. 8 9 There was an overall standardised mortality ratio (SMR) for lung cancer of 139 (95% CI 92 to 201), and a single nasal cancer death. These apparently non-significant findings are important in the light of earlier studies.
The basic principles of the refinery process have been maintained for more than a century, and the relevant carcinogens might cause some risk even at low concentrations. It is therefore interesting to see whether workers hired from 1930 onwards still suffered a detectable hazard, and if so whether exposures had become negligible by 1950, as suggested by previous studies. 8 9 In 1990, Sir Richard Doll and colleagues attempted to identify the compounds responsible for the cancer risks in nickel workers by combining worldwide data. 8 Their conclusion was that both soluble and insoluble nickel compounds probably contributed to the risk, but no formal dose-response analysis was carried out because many historical exposure estimates were so unreliable. A moderate risk in more recent employees whose exposures may have been better monitored and closer to current working conditions could provide much needed evidence on the safety of the modern nickel producing industry. Whether some cancer risk persisted in the 1950s is therefore important. Table 1 displays the risk of lung cancer and nasal cancer by period of first employment, based on data from the two most recent articles. 9 10 The data suggest a small excess of lung cancer among workers employed in all periods since 1930. The group as a whole had 62 lung cancer deaths against 46.5 expected, and two nasal cancer deaths against 0.23 expected (p = 0.017 and p = 0.023 for lung cancer and nasal cancer, respectively, one sided tests).
Studies among refiners with a recognised nickel related risk, suggest that an excess of lung cancer would be most clearly seen 15 years or more after first employment. 8 11 Among workers employed since 1953, observed from the 21st year after joining the refinery, Sorahan and Williams 10 reported 26 deaths against 15.8 expected, giving an SMR of 165 (95% CI 108 to 243; p = 0.011, one sided test).
In the late 1930s, Hill 3 noted that the cancer hazard at the refinery seemed to be confined to process workers, and 20 years later, Doll 4 found a doubling of the lung cancer risk in process workers compared to non-process workers. A similar gradient appears to be present even in the 2005 study. 10 The long term non-process workers in engineering or site-wide activities, representing 42% of the cohort, had no lung cancer excess (SMR of 90), 10 while in the remainder of the cohort, the SMR was 169 (95% CI 105 to 259; p = 0.016, one sided test).
The possible contribution of social class differences in smoking to the elevated lung cancer risk among workers employed after 1953 cannot be assessed. Smoking habits were unknown for half the cohort, and the lower than expected all cause mortality among smokers suggests that the data were not collected prospectively. 10 Sorahan and Williams 10 concluded that the non-significant overall excess of lung cancer, together with a nasal cancer death, might well be a chance finding. This seems a slightly optimistic interpretation. The primary aim of the study was ''to provide information on any lung cancer risks in relation to exposure to four nickel species: metallic, oxide, soluble compounds, and subsulphide''. 10 A statistically significant excess of lung cancer has emerged in men first employed since 1930 (p = 0.017, one sided test), together with two nasal cancers (p = 0.023, one sided test), and there is no evidence of a reduction in risk since that year. In men employed since 1953, the overall excess risk is statistically significant 20 or more years after first exposure, and appears to be higher among process workers. The nickel related excess risks of lung cancer and nasal cancer among Clydach refinery workers thus seem to have persisted, although at about one twentieth of the level suffered by men employed before 1920.
A prudent conclusion is that current exposure levels in the refinery should be substantially lower than they were in the 1950s, when the hazard may still have been causing lung cancer in a few percent of long term employees. Easton et al 9 tested a dose-response model based on pre-1930 workers by comparing observed numbers in later workers against model predictions. A similar prediction of the effects of current working conditions based on mortality rates and estimated exposures of men employed since the 1950s is needed to indicate whether the working conditions throughout the nickel industry are likely to be acceptably safe. The data from this refinery are too sparse to estimate the hazard precisely or to inculpate particular nickel compounds. Formal pooling of updated results on more recent employees from this and other studies might now provide the dose specific risk estimates that Sir Richard Doll and his colleagues were unable to derive from earlier data on heavily exposed workers. 
